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Other Topics of Interest
 Transfer Path Analysis

 Used to characterize vibration sources 
when the forces causing the motion are 
unknown.

 Closely related to the theory covered 
here!

 See references for a starting point.
 Nonlinear Substructuring of weakly 

nonlinear systems for structures 
with joints
 [1] D. R. Roettgen and M. S. Allen, “Experimental 

Dynamic Substructuring of a Catalytic Converter 
System using the Transmission Simulator Method,” 
presented at the 33rd International Modal Analysis 
Conference (IMAC XXXIII), 2015.

 [2] M. S. Allen, D. R. Roettgen, D. C. Kammer, and 
R. L. Mayes, “Experimental Modal Substructuring 
with Nonlinear Modal Iwan Models to Capture 
Nonlinear Subcomponent Damping,” presented at the 
34th International Modal Analysis Conference (IMAC 
XXXIV), 2016.
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References and bibliography for TPA (non	exhaustive!)
 1

 2

 3

 4
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Experimental Substructuring with Nonlinear Joints
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Measured Nonlinear Modes of Original BRB

 Created a modal model for the Brake-Reuss Beam by measuring 
the frequency and damping as a function of amplitude for the lower 
modes.
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Linear Modes of the New Assembly

 Removed the right half of the beam and replaced with a beam 
with a large mass attached.
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Nonlinearity in Modes 1 and 2 of Assembly
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Concluding Remarks
 While many of the classical concepts involved in 

substructuring have been around for decades, experimental-
analytical substructuring is an area ripe for discovery!
 Better experimental methods are still needed
 Extensions to weakly and strongly nonlinear systems
 Transfer Path Analysis (TPA) and force reconstruction
 etc…

 We hope you have enjoyed the course and welcome any 
feedback that you may have!


